
near a joint cannot be induced to use their muscles volun¬
tarily unless they have first been convinced of the contractile
power of the muscles through electric stimulation. Hence,
the electric battery will be the psychologic factor in restoring
the normal function of the injured limb. However, in addi¬
tion to using every scientific method for the purpose of ascer¬

taining the nature of the ailment of the patient who is seeking
relief, we must not forget that we are dealing with human
beings, and not with laboratory apparatus. We must use

judgment how to deal with each patient individually, and all
our knowledge, experience and doings must needs be fixed
with an appreciable grain of common sense. Only in that
way shall we be able .to get the best of the chiropractors,
osteopaths and all other cults whose sole claim to cure

patients is based on that which we as physicians frequently
lose sight of, namely, that every sufferer must be approached
through his cranium. With Socrates we can say, "This is the
great error of our day in the treatment of the human body,
that physicians separate the soul from the body."

Dr. Walter F. Robie, Baldwinsville, Mass. : One speaker
said that analysts attempt to eliminate suggestion. That is
utterly impossible. I do not think any one can speak to an
audience without conveying a suggestion. I translate trans¬
ference as sympathy, and I wish to register my approval of
suggestion as being efficacious. Freud, lung, in fact, the
whole coterie of psychanalyste, convey suggestions to me
when I read them ; they use suggestion with every patient.

Dr. Miner H. A. Evans, Boston : There seems to be some

confusion about what we mean by the term suggestion. Any
mental or psychologic process which is set up in the patient
and leads to some change in his attitude, whether the change
is in the direction of his attention or some alteration of his
interest in his problem, is suggestion. In this sense I sup¬
pose all education is the result of suggestion. I do not believe
it is possible to eliminate suggestion from any method of
treatment. However technical and high grade the analysis,
and however industrious the effort of the analyst, it is impos¬
sible for him to know just what processes have been initiated
in the mind of his patient. And it is impossible for fiim to
know the ultimate results of these processes. Changes in the
attitude of a patient toward his illness may begin before he
sees the analyst at all. It may begin when, after much uncer¬

tainty, he finally decides to go and be analyzed.
Dr. Edmund Jacobson, Chicago: Suggestion is, of course,

not the only topic of experimental psychology ; but if there
is such general interest in it, as is apparent from the expres¬
sions brought out, most of the questions that have been raised
might well be worked out by way of carefully conducted
experiments. So long as such matters of discussion are left
to general opinion, they remain speculative, and only by
separating them into particular problems can one get con¬
clusions that are reliable. It was farthest from my purpose
to introduce the topic of psychanalysis. My task was nqt to
discuss the possible status of that subject, or to inquire
whether there are such things as unconscious mental proc¬
esses, for it is clear that the general practice of medicine does
not involve· some supposed unconscious mental pVocess on the
part of every patient who visits the office for advice and
diagnosis. But it does involve a general psychology, since
every ailment has some mental aspect, and this calls for the
application of general principles, for which there is urgent
need of an experimental basis. The patient's mental life must
be studied, and this evidently means that there is a diagnostic
as well as a therapeutic phase of psychology applied to medi¬
cine. If the point of view of experimental psychology is
correct, suggestion is by no means the only method of psycho¬
therapy, just as psychanalysis is by no means the only method
of psychotherapy. There would seem to be too much of a

tendency of this or that school's assuming that its own inter¬
ests comprise the whole of medicine, and thereby failing to
appreciate the accomplishment of others. Suggestion, how¬
ever valuable, has its distinct limits, and various other
methods are available. The general principles of experi¬
mental psychology, if introduced into medicine, may put
observation in the place of opinion and speculation, and may
leatl to a better understanding of the human material one

deals with.

DETERMINATION OF THE BASAL
METABOLISM

AS A METHOD OF DIAGNOSIS AND AS A GUIDE
TO TREATMENT

JAMES H. MEANS, M.D.
BOSTON

The preceding papers in this symposium have set
forth the fundamental principles of the subject in
hand, human calorimetry and the basal metabolism of
man.

It will be my purpose to discuss briefly the r\l=o^\lethat
calorimetry plays in the clinic of today, the help that
calorimetric observations may be expected to give to
the clinician both in diagnosis and in therapeutics, and
the nature of this help, particularly its extent and its
limitations.

The medical profession of this country is indebted to
Atwater and to Benedict and to their collaborators for
a vast fund of information on the energy metabolism
of the normal human being under nearly every con-
ceivable condition. To Benedict also and his collabora-
tors, and to Du Bois and his collaborators, the profes-
sion is indebted for the introduction and application of
the science of calorimetry to clinical problems. It was
with the development of an accurate surface area
formula by Eugene H. and Delafield Du Bois 1 that
clinical calorimetry really became a practical possibility,for it supplied the previously lacking prime requisite, an
accurate method of judging of the normality or lack
of normality of any given person's metabolism.

Since the advent of this formula, the measurement
of the gas exchange and the calculation of the heat
production therefrom, that is to say, indirect calorim¬
etry, has come into increasingly wide use in American
clinics, so that today there is a reasonably extensive
literature on the subject. The work of Boothby 2 at the
Brigham Hospital, Boston, and that with which 13 have
been concerned at the Massachusetts General Hospital,
is, I believe, among the earliest of the sort. The latter
work was begun in 1914.

The practical application of calorimetry to the clinic
has been chiefly in the group of thyroid diseases, and
in the following remarks it is with them I shall have
chiefly to deal. In other fields, however, certain help¬ful information has been gathered which I shall discuss
briefly a little later on.

Before considering the metabolism in disease, a
remark is in order regarding that of the normal per¬
son. The physiologist is oftentimes impressed with the
unaccountable variations in metabolism of essentally
similar normal persons, and for that reason he may
feel that the clinician is not justified in assuming a defi¬
nite standard for normal metabolism, as is now done.
From the physiologist's point of view, he is correct.
There are differences in the metabolism of normal
persons that are not explainable on the basis of size,

Read before the joint meeting of the Section on Practice of Medi-
cine, the Section on Pharmacology and Therapeutics, and the Section
on Pathology and Physiology at the Seventy-Second Annual Session of
the American Medical Association, Boston, June, 1921.

This article, and the one by Du Bois which follows, are part of a
symposium on "Basal Metabolism." The previous articles by Drs.
Plummer, Benedict, Lusk and Boothby appeared last week. The com-
plete symposium, including the discussion, will be published in pamphlet
form.

1. Du Bois, Delafield, and Du Bois, E. F.: The Measurement of the
Surface Area of Man, Arch. Int. Med. 15: 868 (May) 1915.

2. Boothby, W. M.: Boston M. & S. J. 175: 564 (O[ill] 19) 1916.
3. Means, J. H.: Boston M. & S. J. 174: 864 (June 15) 1916.
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weight, form, age or sex. Nevertheless, these varia¬
tions are slight compared with the gross differences
found in disease. The physiologist, accustomed to
measuring bodily processes by methods of precision, is
impressed by the slight differences which the metab¬
olism of normal subjects shows ; the clinician, on the
other hand, obliged as he generally is to estimate abnor¬
malities of function by the qualitative information
gained by observation at the bedside, is impressed by
the constancy of the metabolism of normal persons.

We are familiar with a number of physiologic con¬
stants. None of these are constant in an absolute sense.

They are, so to speak, relative constants. From one

point of view they may not be constants at all ; from
another they may present a high grade of constancy.
For. example, any change in the reaction of the blood
except within a minute range is incompatible with life.
Indeed, our whole physiologic economy in a sense seems
to be regulated to preserve this factor constant. It is
one of the most striking constants in nature, and yet
within a narrow range it is a variable. The same may
be said of the body temperature, the basal metabolism,
and in a very limited way of the pulse rate.

It would seem absurd to say that the normal pulse
rale is a constant; it is not, and yet it varies within
sufficiently understood limits for us to recognize patho¬
logic rates, tachycardia and bradycardia. To that
extent it may be considered a constant. It would be
equally absurd to fix any arbitrary limits above or
below which a pulse rate was considered abnormal ; but
this does not prevent us from saying that a resting pulse
of 40 is a bradycardia or one of 90 a tachycardia.
The .-.ame reasoning may be applied to the basal

· 1 (Case 1).—BbnI metabolism (per eent. of variation From
Sage Institute standard) shown by the solid black line and dots; pulse,
by interrupted line and circles; weight, by the dotted line. Under
"Treatment," the type and time of operation is shown. Under
"Activity," the rest factor is indicated. When the space is entirely
black it denotes complete rest in bed; half black, partial rest; when
blank, that the patient is following his ordinary mode of life. The
same system will be followed in the succeeding chares.

metabolism. Only here the normal range of variation
is distinctly less than in the case of the pulse. It is
more nearly a constant than is the pulse, and is there¬
fore a more accurate index of disturbed function than
is the pulse, at least as between different individuals.

With the metabolism, as with the pulse, it is illogical in
a sense to fix arbitrary limits of variation and to con¬
sider the metabolism abnormal if it falls outside them.
Yet for convenience we may do so if we at all times
bear in mind the arbitrariness of the procedure. When
we say that a given patient has a bradycardia, we are
in our own minds fixing an arbitrary low limit for the

Chart 2
treatment.

(Case 2).—Under "Treatment," X denotes a uoentgen-ray
It will mean the same in succeeding charts.

normal pulse. This is a justifiable and useful mental
process. It is legitimate to do the same in the case of
the metabolism.

In interpreting the significance of abnormal metab¬
olism findings in patients, we must correlate them with
clinical findings and weigh their probable importance in
comparison with every other sort of evidence in any
given case, exactly as we should do in interpreting any
other laboratory or special finding, such as roentgen-
ray, phenolsulphonephthalein test, blood sugar, and
the like. We must not rush off and say that, because a

given patient's metabolism was 25 per cent, above the
normal standard or prediction figure, he has hyperthy-
roidism. The high finding may have been due to some
other disease, pernicious anemia, or leukemia perhaps,
or possibly to the fact that although we neglected to
take his temperature he had a fever at the time the
test was made. Such warnings might seem to be unnec¬

essary, but yet I feel that with the wide popularity that
clinical calorimetry has suddenly met, they are in order.
So too, is a warning against inaccurate technic in order.
This has already been given by various writers. It will
bear repetition, particularly for the reason that various
instrument makers are exploiting the sale of metabolism
apparatus and are trying to convince the practitioner
that he needs a metabolism machine in his office quite
as much as he does a stethoscope in his pocket.
Furthermore, simplified metabolism apparatus of one
sort and another is making its appearance in the adver¬
tising pages of our journals before it has been described
in their scientific columns. The widespread application
of calorimetry by persons who do not take the trouble
to acquaint themselves thoroughly with the literature
and technic of the procedure is fraught with danger,
danger to the individual patient through faulty inter¬
pretation of results, danger to the profession at large
through the publication of erroneous results, that is to
say, to the reporting as evidence of a pathologic con¬
dition in the patient an abnormal finding which is in
actuality the result of technical error.

Downloaded From: http://jama.jamanetwork.com/ by a New York University User  on 06/04/2015



I am frequently asked either by practitioners or by
clinics whether they ought to set up a metabolism
laboratory. I tell them that I cannot see that they are
under any obligation to do so, and that whether or not
it will be desirable for them to do so will depend on
their special needs. The up-to-date clinic is really
obliged now to make Wassermann tests ; as I see, it is
not at all in that sense obliged to make metabolism
determinations. The metabolism determinations in the
rnanagement of thyroid cases, for it is with them that it
has its chief use, is in general a refinement rather than
a necessity. We could undoubtedly take reasonably
good care of typhoid patients if we were deprived of
the clinical thermometer ; so we can with our thyroid
patients without a metabolism apparatus. The metab¬
olism determination in the thyroid case is of less
importance than is the thermometer in typhoid. Fur¬
thermore, it is easier to make inaccurate observations
with a metabolism apparatus than with a thermometer.
It is far better to make no metabolism tests than to
make them inaccurately. But, with these warnings and
limitations in mind, it seems to me that it can be said
that, for the clinic or practitioner handling a consider¬
able number of thyroid cases, facilities for making
metabolism observations will be a help. They will give
a somewhat more accurate conception of the intensity
of the disease than will clinical observation alone ; they
will add a quantitative aspect to the impression of the
case that will, to say the least, be of assistance ; and in
the differential diagnosis of borderline cases they will
be very valuable.

The actual help afforded in thyroid disease can best
be observed by some illustrative cases. My purpose at

Chart 3.—Basal metabolism, pulse and weight in Case 3.

the present time is not in the least to discuss the treat¬
ment of hyperthyroidism. The cases that I shall
present will be for the purpose of showing what the
metabolism determination adds to our impression of a

given patient's disease.
It is well recognized that one of the main functions

of the thyroid is to regulate the intensity of combustion
within the body. When it is overactive, the basal
metabolism is increased; when underactive it is

decreased, above in the former instance or in the latter
below what the individual's level would be if he were in
a normal state. The order of magnitude of these changes
is somewhere in the neighborhood of a drop of from
20 to 40 per cent, in myxedema, and an elevation of
from 20 to 40 per cent, in mild, 40 to 60 per cent, in
moderate, and 60 to 100 per cent, in severe hyperthy-

Chart 4.—Basal metabolism, pulse and weight in Case 4.

roidism. The determination of the metabolism in the
thyroid cases constitutes essentially a functional test of
that gland.4

The progress of a febrile disease is rendered more
easy of visualization by the clinical chart. The clinical
chart in pneumonia or typhoid consists of pulse, tem¬
perature and respiration curves—these are the three
factors of cardinal importance. A clinical chart in thy¬
roid disease also helps visualization of progress. But
here the factors of first importance are the basal metab¬
olism, the pulse and the body weight. These three
curves, when plotted, give us information of a similar
nature to that given by the usual chart of the febrile
patient.

It is the construction of such charts that has inter¬
ested us most at the Massachusetts General Hospital.5
A series of observations, when extended over a periodof months or years, gives a very striking picture of the
patient's progress. Such series, I believe, in general
are of considerably more importance than isolated
observations.

Let us consider a few of these by way of illustration.
In the typhoid patient's chart the perpendicular lines
represent days. The diseases of the thyroid are for
the most part chronic. In our thyroid chart, therefore,
the perpendicular lines are months ; and while the
typhoid chart at most covers a matter of a few weeks,
the thyroid chart may well be extended for a period of
years.

ILLUSTRATIVE CASES
Case 1.—Chart 1 is that of a man with severe exophthalmic

goiter of fourteen months' duration untreated and progressing
unfavorably at the time, Nov. 18, 1919, he first came to our

4. Means, J. H., and Aub, J. C.: A Study of Exophthalmic Goiter
from the Point of View of the Basal Metabolism, J. A. M. A. 69:33
(July 7) 1917; Basal Metabolism in Exophthalmic Goiter, Arch. Int.
Med. 24: 645 (Dec.) 1919; Basal Metabolism in Hypothyroidism, ibid.
24: 404 (Oct.) 1919.

5. Means, J. H.: M. Clinics N. America 3:1077 (March) 1920.
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clinic. The disease had begun while he was in the army. The
chart shows at a glance the progress of this patient for a

period of a year and the treatment that he received. Three
operations were done by Dr. E. P. Richardson : November 24,
ligation of the right superior vessels; December 1, of the left,
and, March 24, 1920, a subtotal thyroidectomy. About three
quarters of the gland was removed. After the ligation there
was a slight fall in metabolism and pulse and a slight gain in

(hart 5.—Basal metabolism, pulsi- and weight in Cast 5.

weight; after the thyroidectomy, a striking fall in metabolism.
all of which occurred in the fortnight after operation. Six
months after operation the metabolism was essentially
unchanged, still being plus 32 per cent. The patient had
gained weight and his pulse had fallen to a normal level.
Clinically he was much better, but still had some nervousness,
tremor and increased sweating. He was not yet able to do a

full day's work.
Case 2.—Chart 2 is that of a schoolmistress of 38 with a

rather mild form of exophthalmic goiter which she had had
apparently for only two months at the time she first visited
the clinic. The chart shows her progress over a period of
twenty-one months, during which time she received seven

roentgen-ray treatments from Dr. George W. Holmes with
absolutely nothing else in the way of therapy. She pursued
her normal mode of life and continued with her teaching. Oct.
2. 1920, she was subjectively and objectively well, as, indeed,
she also was on May 14, 1921, though at that time metabolism
and pulse showed a slight upward trend. This rise may or

may not be of importance. But it illustrates, it seems to me.
the usefulness of the chart, for it puts us on our guard against
a possible relapse which we might have missed on the basis of
the clinical picture alone.

Case 3.—Chart 3 is that of a girl of 21 with the character¬
istic symptoms of hyperthyroidism but with only a very slight
fulness of the thyroid and with no eye signs. The picture was
what one may call, for want of a better name, simple hyper¬
thyroidism. Her chart covers a period of about a year. Dur¬
ing that time she haft been taking quinin hydrobromid, S
grains, three times a day, and for about half the time ergotin.
1 grain, three times a day. As shown in the chart also, she
had had partial or complete rest for a year. Roentgen-ray
treatment was started, May 18, 1920. August 11, she had had
five treatments, with a marked fall in metabolism and pulse
and a gain in weight, and definite subjective and objective
improvement. In the fall of 1920 she had a relapse with return
to about the starting point. A second course of roentgen-ray
treatment seems to be relieving this, much as it did in the first
instance.

Case 4.—Chart 4 is that of a man, aged 27, with severe

exophthalmic goiter of a year's duration, who had been hav¬
ing complete rest and quinin hydrobromid for three months
under the direction of Dr. Charles A. McDonald when he was
referred to the clinic. His symptoms had begun the year
before while he was serving in the navy. This patient received

essentially no treatment but roentgen ray. Between March 25
and July 7, 1920, he received six full treatments. During this
period he was not working 'but was reasonably active and had
no real rest. There was a most astounding fall in basal
metabolism and pulse, and gain in weight. There was a

corresponding clinical improvement ; this was so great that
against advice he returned to work. His work, that of chauf¬
feur on a fire truck, was hardly of a suitable sort for a man

recently ill with exophthalmic goiter. The not surprising
result was that he again became thyrotoxic, which is well
shown in the chart. In spite of this he has continued at work
and, even under these adverse circumstances, a second course'
of roentgen-ray treatment seems to be curing him.

Case S.—Chart S shows the findings in the case of a woraan,
aged 31, who had had moderately severe exophthalmic goiter
for about a year at the time the chart was started. Eleven
roentgen-ray treatments (seven before the chart was started)
had failed to accomplish any clinical improvement or to
reduce her metabolism below plus 65 per cent. It might be
said, however, that she had followed her ordinary mode of life
during this period. A short rest in bed in the hospital then
reduced her metabolism some 15 points and, March 26, 1920,
Dr. C. A Porter ligated the superior arteries on each side.
Two months later the meta'bolism had remained at the
lowered level, but had shown no further drop. Dr. Porter
operated again and, June 16, 1920, did a subtotal thyroid-
ectomy. There was a prompt clinical improvement after that
and fall in pulse and metabolism. Eleven months after the
last operation the metabolism was plus 24 per cent.; the
patient had gained considerable weight and clinically was
practically well.

Case 6.—Chart 6 illustrates the effect of overirradiation in
exophthalmic goiter. This patient, a woman aged 29, had a

rather mild form of the disease which she had had for a year.
Four roentgen-ray treatments were given between Jan. 16
and March 22, 1920, and from January 12 to February 11 she
had complete rest in bed in the ward. She showed a marked
clinical improvement and fall in metabolism and pulse. The
treatment was stopped. April 28, 1920, she reported fer obser¬
vation. Within the last three weeks she had gained a great
deal of weight ; her face had become puffy and she corn-

Chart 6 (Case 6).—Under "Treatment," the thyroid dosage is indi¬
cated by shading. The first dose employed was \y2 grains per day;the next, 1>4 grains every other day.

plained of feeling dull and dopey. The picture was essentially
that of myxedema. The metabolism was minus 11 per cent.
She was started on thyroid gland, l1/» grains per day. May
14, her metabolism had returned to normal. The thyroid was
stopped, May 20, the metabolism had fallen again to minus
11 per cent. Thyroid administration was begun again, but
in a smaller dose, \y2 grains every other day. July 28, her
metabolism was plus 10 per cent., and all symptoms of hyp.o-
thyroidism had gone. The thyroid was stopped. She was
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followed for nine months more. The metabolism never fell
again, and no symptoms of myxedema returned ; indeed, on
the last observation, May 5, 1921, the metabolism was slightly
supernormal, indicating that perhaps a return of her hyper-
thyroidism was impending, though clinical signs were lack¬
ing. This case shows from both the clinical and laboratory
points of view that, in certain cases at least, irradiation really
seems to lower thyroid activity. It also shows that in the

Chart 7 (Case 7).—In this and in Figure 8, "Activity" is not indi¬
cated. Both these patients pursued*throughout a normal life. The dose
of thyroid employed is indicated by the width of the black area.

rtjentgen-ray treatment of exophthalmic goiter the possi¬
bility of overtreatment must be borne in mind and guarded
against. The very delicate response of the metabolism level
to thyroid administration is also well shown by this chart.

Case 7.—Charts 7 and 8 are of patients with hypothyroid-
ism. Figure 7 is that of a woman, aged 35, with frank myx¬
edema which Kad existed for four years. The metabolism
was promptly returned to normal by thyroid administration.
At the same time the weight fell and the symptoms improved.
The effect of a reduction in thyroid dosage is shown in the
chart, a fall in metabolism and pulse. The dose was again
increased, with a return of the metabolism toward normal.
This patient has been followed for well over a year. In the
main her metabolism has been within normal limits,- and she
has been free from symptoms. At the time of her last visit,
because of a slight tendency to subnormal metabolism and
steady gain in weight, she was told to increase the dose of
thyroid still further.

Case 8.—Chart 8 also illustrates the control of thyroid
dosage by metabolism findings. This patient, a man. aged 29,
did not have frank myxedema ; he had suggestive signs only :

a tendency to gain weight, and some sluggishness, both
mental and physical. He was found to have a subnormal
metabolism and was started on thyroid ; 4Vz grains a day
brought his metabolism to normal, then a decrease to half
that dose was followed by a fall. The original dose was

resumed and now for a year and a quarter his metabolism has
been kept essentially within normal limits, and clinically he
has been much improved.

COMMENT

These eight charts, it is hoped, will illustrate what to
my mind is the chief rôle of indirect calorimetry in the
clinic of today ; namely, the quantitative estimation of
thyroid function and the accurate representation of the
effects of treatment, either those measures in hyper-
thyroid states which are designed to reduce thyroid
activity, or thyroid therapy in conditions of hypothy-
roidism. In the latter, particularly, the discovery of
the exact dose of thyroid gland which will make a given

patient's metabolism assume and stay at a normal level
»is most fascinating.

Outside of thyroid disease, the metabolism determi¬
nation as a diagnostic procedure or functional test does,
not play an important rôle. By that I do not mean to
say that the study of a variety of pathologic states by
calorimetrie methods is not of fundamental importance.
It most assuredly is ; but such studies belong primarily
to research, while the matter under consideration is the,
so to speak, routine use of calorimetry in the clinic.
The place of calorimetry in the investigation of disease
does not come within the scope of the present paper.

Before closing, I wish to add merely a few words as

to the metabolism determination in the field of differen¬
tial diagnosis. From what has already been said here
and elsewhere, it is obvious that when hypothyroidism
or hyperthyroidism is suspected, metabolic studies will
be of great assistance in the differentiation of effort
syndrome and mild hyperthyroidism, for example, and
of toxic from nontoxic goiters, or in the borderline
hypothyroid conditions. In my hands it has been par¬
ticularly useful in the recognition of the latter. Chart
8 is an excellent illustration of this.

One other direct clinical application is in the matter
of obesity. Studies published elsewhere ß have shown
that in simple obesity the basal metabolism is normal.
Such obesity is due, to my mind, to a disproportion
between food intake and bodily activity, and not to any
fundamental change in the rate of combustion in the
body.. In such persons the giving of thyroid raises the
metabolism to an abnormal level, produces hyperthy¬
roidism, in other words. The treatment, then, of simple
obesity with thyroid is in my opinion pernicious. It
relieves one evil by creating another. I have, too, been
impressed of late with the very common use of thyroid
by the laity for purposes of weight reduction. Person¬
ally, I think the sale of this drug except on prescription

Chart 8.—Basal metabolism, pulse and weight in Case 8.

should be prohibited by law. Metabolism studies have
convinced me that thyroid should never be given except
to persons who exhibit subnormal metabolism.

By means of the metabolism determination, the case
of simple obesity can be differentiated from the obesity
due to endocrine disease. This applies not only to

6. Means, J. H.: J. M. Res. 32: 121, 1915; The Basal Metabolisn[ill]
in Obesity, Arch. Int. Med. 17: 704 (May) 1916. Means, J. H., and
Woodwell, M. N.: Ibid. 27: 608 (May) 1921.
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hypothyroid obesity but to pituitary as well. In hypo-
pituitarism there is a reduction in metabolism level just.
as in hypothyroidism, though perhaps of lesser degree,
so that calorimetry may help us in recognizing obesity
of pituitary origin also.

Of diseases other than of the thyroid and pituitary
in which there are alterations in basal metabolism, the
most striking are the leukemias and severe anemias,
particularly pernicious anemia. The significance of
these changes, however, is as yet not dearly understood,
and they have at present no routine diagnostic or thera¬
peutic bearing, although it is altogether likely that later
they may have.

In conclusion, I will simply reiterate that indirect
calorimetry has furnished us with a quantitative test of
the thyroid, with a method for clearly visualizing the
progress of patients with thyroid disease, of accurately-
controlling the treatment of them, and of clinching the
diagnosis in certain borderline cases. It also has
thrown light on the nature of obesity and has furnished
us with a means of distinguishing between simple and
endocrine obesity, and has demonstrated the inadvisa-
bility of treating the former condition by the adminis¬
tration of thyroid gland.

THE BASAL METABOLISM IN FEVER
EUGENE F. DU BOIS, M.D.

NEW YORK

The clinician has several definite and practical ques-
tions to ask regarding the basal metabolism in fever.
He wishes to know whether he can calculate the total
metabolism of a patient with a given degree of tempera-
ture in order to have a rational basis for the fever
dietary. It is important for him to know whether
there is anything abnormal in the metabolism of pro-
teins, fats, carbohydrates and water. Being interested
in the whole subject of fever, he desires information
regarding the relative importance of the various factors
which increase the metabolism in hyperthermia.

The answers to the questions must be sought in the
voluminous literature of the last thirty years. We have
at our disposal a large number of experiments on

animals with fever produced by lesions of the central
nervous system, by drugs and by artificial infections.
These have been well reviewed by Richter,1 and more

recently by Barbour,2 but they do not give us much
help in our problems with man. We bave a few experi¬
ments on men warmed artificially by hot baths, but
in' these the effect of the external heat outweighs the
fever. We have a large number of experiments on

fever patients made by the Zuntz-Cieppert apparatus,
Benedict apparatus and similar machines which mea¬

sure the heat production by means of the method of
indirect calorimetry. These have given us much infor¬
mation and have laid the foundation of our present

ledge of the metabolism in fever. They have
certain disadvantages since the subjects are exposed to
different environmental conditions and are more or

From the Russell Sage Institute of Pathology in affiliation with
SecondMedical Division of Bellevue Hospital and from the Depart-

men of Medicine of Cornell University Medical College.
Read before the joint meeting of the Section on Practice of Medi-

the Section on Pharmacology and Therapeutics, and the Section
on Pathology and Physiology at the Seventy-Second Annual Session of
the American Medical Association, Boston, June, 1921.

1. Richter, P. F.: Fieber, in Oppenheimer's Handbuch der Bio-
chemie.

2. Barbour, H. S.: The Heat-Regulating Mechanism of the Body,Physiol. Rev. 1: 295, 1921.

less disturbed by the application of mouth pieces or
masks.

The discussion in this paper will be limited almost
entirely to the groups of fever patients studied in the
respiration calorimeter of the Russell Sage Institute
of Pathology in BelleVue Hospital, New York, between
the years of 1913 and 1920. Patients and normal con¬
trols have been exposed to uniform conditions of
environmental temperature and humidity. They have
lain almost motionless on a comfortable bed in a quiet
respiration chamber for periods of from two to four
hours, and in some instances all night. The tempera¬
ture has been read every four minutes by means of an
electrical thermometer which lies about 10 cm. in the
rectum. The heat production has been measured by
the chemical methods of indirect calorimetry and by the
physical methods of direct calorimetry which deter¬
mine the exact heat loss by radiation and conduction
and by the vaporization of water. Incidentally, we may
note that the close agreement of these two methods
proves that the law of the conservation of energyholds good in fever patients.

30 40 50
WEIGHT KG.

Chut 1.—A comparison
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of the normal standards for men 30 yearsold. The solid curved lines give the calories per hour according to
the surface area chart and standards of Aub and Du Bois. The dottedlines represent the figures according to the Harris-Benedict multipleprediction tables. For instance, a man 30 years old, 180 cm. tall and
bO kg. in weight would have a predicted normal basal metabolism of
70 calories per hour according to the surface area curves, and about67 calories per hour by the other method. The results according to the
Harris-Benedict formula are lower, but the two sets of lines are almostparallel for this age group.

The published work consists of studies in typhoid
fever by Coleman and Du Bois,3 in malaria by Ban*
and üu Bois,4 and in tuberculosis by McCann and
Barr/' The unpublished work here presented coiv
sists of studies made by Coleman, Cecil, Barr and Du
Bois in erysipelas,6 arthritis 7 and the fever produced
by intravenous injections of protein.8

Comparisons with the normal were made according
to the usual method of the Sage investigators, who
consider that the normal metabolism for a given age

3. Coleman, Warren, and Du Bois, E. F.: Clinical Calorimetry,Seventh Paper, Calorimetric Observations on the Metabolism of TyphoidPatients With and Without Food, Arch. Int. Med. 15: 887 (May) 1915.
4. Barr, D. P., and Du Bois, E. F.: Clinical Calorimetry, Twenty-Eighth Paper, The Metabolism in Malarial Fever, Arch. Int. Med. 21:

627 (May) 1918.
5. McCann, W. S., and Barr, D. P.: Clinical Calorimetry, Twenty-Ninth Paper, The Metabolism in Tuberculosis, Arch. Int. Med. 26:

663 (Dec.) 1920.
6. Coleman, Warren; Barr, D. P., and Du Bois, E. F.: ClinicalCalorimetry, Thirty-Second Paper, The Metabolism in Facial Erysipelas,to be published.
7. Barr, D. P.; Cecil, R. L., and Du Bois, E. F.: Clinical

Calorimetry, Thirtieth Paper, Observations on the Metabolism in Arth-
ritis, to be published.
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